lotting (Towbin et al. 1979) appears to have great advantages of high sensitivity in detection of particular proteins and versatile applicability by combinating with various electrophoresic techniques. However,, studies of sweat by this assay have been rarely reported.
In this paper, sweat protein components were studied by the method of SDS-polyacrylamide gel electrophoresis (SDS-PAGE) followed by immunoblotting in comparison with serum components.
MATERIALS AND METHODS
Sweat samples were obtained from healthy 72 male and 2 female adults (21 to 30 years of age) in a sauna and concentrated as previously reported (Niitsu et al. 1985) . The individual concentrated sweat samples and pooling of them from 20 individuals were tested. The protein concentration in sweat was determined by the method of Lowry et al. (1951) .
SDS-PAGE (15%) was performed on a slab gel plate (8 x 7 x O.1 cm) according to the method of Laemmli (1970) . The sweat sample was treated with an equal volume of sample buffer (2% SDS, 5% 2-mercaptoethanol, 10% glycerol, 0.001% bromophenol blue in 0.0625 M Tris-HC1, pH 6.8) at 95°C for 5 min. Each sweat sample containing 30-75,ug protein was applied on the gel plate and electrophoresis was carried out at a constant current of 30 mA for about 1 hr. After electrophoresis, the gel plate was stained with either the Coomassie Brilliant Blue (CBB) R-250 or periodic acid-Schiff (PAS).
For immunoblotting, 24 antisera or antibodies against following serum components were used : human whole serum, albumin (ALB), cr1-fetoprotein (AFP), a2HS-glycoprotein (AHSG), f1SP1-glycoprotein, haptoglobin (HP), carbonic anhydrase (CA) B and C (Behringwerke AG, Marburg, FRG) ; IgG, IgA and IgM (Miles-Yeda, Rehovot, Israel) ; prealbumin (PALB), retinol-binding protein (RBP), ferritin (FT), a1-microglobulin, R2-microglobulin (B2M), hemopexin (HPX) and carcinoembryonic antigen (CEA) (MBL, Nagoya) ; a1-acid glycoprotein (orosomucoid, ORM) and c1-antitrypsin (PI) (Sigma, St. Louis, MO, USA) ; transferren (TF) and group specific component (GC) (Dakopatts, Glostrup, Denmark) ; Zn-a'2-glycoprotein (ZAG) (Nordic, Tilburg, Netherlands) ; and lysozyme (LYS) (The Green Cross, Osaka). As the second antibodies, horse-radish peroxidase-conjugated rabbit antigoat IgG (Zymed, San Fransisco, CA, USA) or goat anti-rabbit IgG (Bio-Rad, Richmond, CA, USA) were used.
Sweat proteins separated by SDS-PAGE were electrophoretically transferred to a durapore filter (Millipore, Bedford, UK) which was pre-wetted with methanol and equilibrated with transfer buffer (0.025 M Tris, 0.192 M glycine in 20% methanol, pH 8.3), at a constant current of 200 mA for 20 min. The filter removed from the gel plate was blocked in TBS (0.02 M Tris, 0.5 M NaCI, pH 7.5) containing 3% gelatin for 15 min and then incubated with the antiserum or antibody diluted 1: 400-1,000 in antibody buffer (0.05% Tween 20, 1% gelatin in TBS) for 1 hr. After washing with TTBS (0.05 Tween 20 in TBS) for 15 min, the filter was incubated with the second antibody diluted 1: 2,000 in antibody buffer for 1 hr. After being washed, the bound antibody to the particular protein on the filter was coloured with 0.05% diaminobenzidine and 0.03% H2O2 in Tris buffer (0.05 M Tris-HCI, pH 7.2).
RESULTS
Concentrated sweat samples from the individuals PAGE ( Fig. 1 ). Many protein bands were revealed by and most of those molecular weights were lower than were analyzed by SDSthe CBB R-250 staining, 100,000 Da. In all the samples, five main bands were demonstrated at 67,000, 42,000, 18,000, 14,000 and 12,000 Da, but other bands appeared with inconsistency (Fig. lA) . By PAS staining, two sharp bands with 42,000 and 18,000 Da, and two broad bands in the regions between 32,000 and 27,000 Da and the other bands being higher than 19,000 Da were generally observed (Fig. 1B) . Fig. 2 shows the results of immunoblotting on the pooled sweat and serum components separated by SDS-PAGE. A band pattern of the pooled sweat, which was developed with anti-human whole serum, was quite different from that of serum (Fig. 2, lane C) . Each of the antisera or antibodies against serum ALB, ZAG, LYS and ORM reacted with one sweat band of the same molecular weight as their respective serum protein components (Fig. 2, (Fig. 2, lane F) , and additional faint bands appearing in the anodal region of the TF band. Antibodies against human serum IgG and IgA showed two bands at 50,000 and 30,000 Da, and at 52,000 and 30,000 Da, respectively. However, the bands at 30,000 Da were very faint (Fig. 2, lane H) . On the sweat, anti-PI sometimes showed a faint band at 54,000 Da and constantly at 18,000 Da (data not shown). Anti-HP showed a clear band at 67,000 Da on the both tests of sweat and serum, however, the HP band at about 200,000 Da was demonstrated only in serum. Although anti-AHSG faintly reacted with the sweat proteins at 67,000 and 42,000 Da, the band at the molecules weight of serum AHSG (49,000 Da) did not appear. No bands of the sweat reacted with anti-CA B and CA C were observed at the regions corresponding to the moleculer weight of serum CA B (28,500 Da) and CA C (27,500 Da). Antisera or antibodies against PALB, RBP, GC, HPX and IgM did not react with the pooled sweat, though they formed the bands in the test on serum. Antisera or antibodies against FT, AFP, a'1-microglobulin, /31SP1-glycoprotein and B2M did not react with the sweat and serum.
Anti-CEA constantly reacted with the pooled sweat and all of the individual sweat samples from 20 volunteers at 42,000, 19,000 and 18,000 Da (Fig. 2 lane I ), but not with normal serum. Additionally, the reactivity of the anti CEA with CEA (about 180,000+20,000 Da) was confirmed by two sera with a high CEA activity.
DISCUSSION
The technique of SDS-PAGE followed by immunoblotting in this study is highly sensitive for the detection of proteins, and has the great advantages of determining the particular component by comparison with both the molecular weight and antigenicity. ALB, ZAG, LYS and ORM in the pooled sweat were confirmed, and moreover, ALB (67,000 Da), ZAG (42,000 Da) and LYS (14,000 Da) were three out of the five main bands of the individual sweat. ALB in sweat is clearly determined by double immunodiffusion (Page and Remington 1967 ; Yanagawa et al. 1986 ) and by immunoisotachophoresis (Uyttendaele et al. 1977) . ZAG has been found in sweat by Poortmans and Schmid (1968) using double immunodiffusion.
In this study, sweat ZAG was recognized as the same molecular weight and antigenicity as serum ZAG and PAS-reactivity.
Recently, Nakayashiki and Katsura (1989) reported four variants of plasma ZAG, and subsequent studies revealed that a desialized ZAG band pattern of sweat from an individual with the plasma ZAG variant was the same as that of plasma by means of isoelectric focusing followed by immunoblotting with anti-plasma ZAG (data not shown). This might suggest that both ZAG in serum and sweat are controlled by a single ZAG gene. Except for ZAG, other main sweat glycoproteins were hardly identified. Existence of LYS in sweat was suggested by Page and Remington (1967) from the results of cellulose acetate electrophoresis and analytical ultracentrifugation.
In this study, sweat LYS was verified with the molecular weight and antigenicity.
TF in sweat has been demonstrated by double immunodiffusion (Page and Remington 1967), immunoisotachophoresis (Uyttendaele et al. 1977 ) and affinityimmunodeletion isoelectric focusing (Allen et al. 1981) . A reaction of the pooled sweat with anti-TF showed the clear band at the same molecular weight as that of serum TF. Several faint bands in the anodal region of TF band seemed to be cross reactions of the anti-TF with ALB and others in the sweat. Although Page and Remington (1967) detected ORM in sweat by double immunodiffusion and Yanagawa et al. (1986) failed to detect it in the same manner, sweat ORM was clearly demonstrated in this study. IgG and IgA in sweat were reported by Page and Remington (1967) using double immunodiffusion. Sweat IgA was also detected by solid phase enzyme immunoassay (Ishiguro et al. 1981; Okada et al. 1988) . Two sweat bands reacting with anti-IgG or anti IgA could be considered that IgG or IgA of the pooled sweat was cloven into heavy and light chains with SDS and 2-mercaptoethanol in the sample buffer. Rubin and Penneys (1983) tentatively identified a sweat prominent component as PI by two-dimensional gel electrophoresis. Anti-PI showed sweat bands sometimes at the molecular weight of serum P1(54,000 Pa) and constantly at 18,000 Pa. An anti-PI positive band with 18,000 Pa might be a cross reaction with some sweat protein or breakdown products of the PI molecule. So it is considered that PI is not a predominant component of sweat.
Out of the five main bands of the sweat, two could not be identified. The lowest sweat band at 12,000 Pa did not show any information.
The band at 18,000 Da was a glycoprotein, which reacted strongly with anti-CEA and slightly with antisera against PI, CA B and CA C. However, those antibody and antisera did not show the 18,000 Da band in the test on normal serum, therefore, this sweat component could be related to CEA. Penneys et al. (1981) found CEA activity in sweat by radioimmunoassay. In this study, anti-CEA reacted clearly with three sweat bands at 42,000, 19,000 and 18,000 Da. The molecular weight of anti-CEA positive bands of the individual and pooled sweat samples were considerably lower than that of CEA (180,000±20,000 Da). It is assumed that healthy human sweat contains some CEA determinants, in other words, unknown CEA-related antigens might be in sweat. Since CEA has been immunohistochemically detected in eccrine and apocrine secretory and ductal cells (Penneys et al. 1981) , the anti-CEA positive components in the sweat are probably produced in sweat glands themselves with some significant purposes.
